An encapsulant system was prepared via crosslinking of chitosan using citric acid as a crosslinker. FTIR spectroscopy, particle size and zeta potential analyses confirmed successful crosslinking, appropriate particle size and colloidal stability. Encapsulation capability of the said material was investigated using fluorescence spectroscopy. The effect of pH on the crosslinked chitosan particles was also conducted.
INTRODUCTION
Polymers have played an integral role in the delivery technology. In particular, biopolymers to devise functional materials [1] [2] [3] [4] [5] [6] [7] [8] [9] sensitive from changes in external stimuli, e.g. temperature, pressure, moisture 2, 10-14 are materials of interest for smart delivery applications.
Chitosan is a polymer comprised of two glucose derivatives, D-glucosamine (GlcN) and N-acetyl-D-glucosamine (GlcNAc), randomly distributed and joined together by β(1→4) glycosidic bonds. This natural nontoxic biopolymer is commercially produced by the partial deacetylation of chitin, a polymer composed of repeating units of GlcNAc linked by β(1→4) glycosidic bonds, obtained from the exoskeleton of crustaceans and cell walls of fungi. Due to its polycationic and nontoxic nature, chitosan is extensively used and applied in the food, pharmaceuticals, and chemical industries 3, [15] [16] .
Chitosan has been used as a component in many applications in the form of hydrogels [17] [18] [19] [20] [21] [22] [23] [24] , nanoparticles [17] [18] [19] [20] [21] [22] [23] [24] , emulsions [25] [26] [27] [28] , etc. This is due in part to its capacity to control the release of certain active agents it has encapsulated, as well as its nontoxicity and biocompatibility to the human system 18, 22, 25, 27, [29] [30] [31] [32] [33] . It can be modified using an array of methods such as crosslinking 18, 22, 28, [34] [35] [36] [37] [38] ; solution casting [39] [40] [41] [42] and many more to produce different delivery systems, enhance absorption, and improve the relative solubility of the actives that they carry.
In this study, biopolymeric encapsulants prepared via crosslinking of chitosan were used as a delivery system. These crosslinked polymeric particles were synthesized using chitosan as an encapsulating material with citric acid as a crosslinker. This study presents a straightforward, facile preparation of a possible encapsulating system that makes use of materials that are established as nontoxic chemicals; the experimental conditions for the synthesis only require ambient temperature and the crosslinking process used water as the reaction medium. Fourier transform infrared (FTIR) and fluorescence spectroscopic methods, particle size analysis and zeta potential measurements were used to follow the crosslinking and encapsulation processes. pH dependency studies were also conducted by determining the stability of the esterification crosslink in acidic (pH 1.4) and above neutral (pH 7.4) environments.
EXPERIMENTAL

Materials
Chitosan (high molecular weight, MW 190,000-310,000 g/mole), citric acid (> 99.5%), and 8-anilino-1-naphthalenesulfonic acid (> 97% -HPLC) of analytical grade (AR) purity were purchased from Sigma Aldrich.
Preparation of crosslinked and noncrosslinked aqueous chitosan particle dispersion
Chitosan (0.1 g) was dispersed initially in 10 mL deionized water, stirred at 400 rpm. The crosslinker, citric acid at 0.1 g mass, was then added. The dispersion was stirred for 40 minutes at 400 rpm. The prepared crosslinked chitosan particles were then filtered using gravity filtration. A separate chitosan dispersion without the crosslinker using the same amount of materials and scheme of preparation was also followed. Each treatment solution was prepared in three replicates to establish repeatability of measurements.
Characterization
Each of the samples tested was added with KBr and then pelletized prior to Fourier Transform-Infrared (FTIR) analysis. The spectroscopic measurements were performed using the Thermo Scientific Class 1 Nicolet 6700 FTIR in the range of 400-4000 cm -1 at 16 scans.
The particle size and size distribution as well as the zeta potential of each formulation were determined by Malvern ZetaSizer Nano ZS instrument. The samples were spun and filtered before pipetting into the cuvettes. The measurement of particle size at a 90-degree angle was done using dynamic light scattering, while the zeta potential measurement utilized laser doppler microelectrophoresis.
The encapsulation of a model active onto the matrix was investigated by Fluorescence Spectrometer Spectrum ASCII using sodium 8-anilino-1naphthalenesulfonate (ANS) dye as a fluorophore using an excitation wavelength of 388 nm and an emission wavelength of 470 nm. A 50-mL of 5% (w/v) dye was prepared and divided into three 15-mL portions. The first portion contained only ANS dye, while the second and third contain 2 mL of uncrosslinked chitosan (without citric acid) and crosslinked chitosan (reacted with citric acid), respectively.
The morphology of the crosslinked chitosan was characterized by scanning electron microscopy using JEOL 5300 Scanning Electron Microscope.
RESULTS AND DISCUSSION
Following the crosslinking process when chitosan is reacted with citric acid
FTIR spectroscopic measurements of tested materials confirmed successful crosslinking reactions between the chitosan and the citric acid. Figure 1 shows the FTIR spectra of (a) citric acid (CA) used as the crosslinking agent; (b) chitosan used as the encapsulating material and (c) crosslinked polymer (chitosan reacted with citric acid as the crosslinking agent). As can be seen, the presence of an IR peak around 1700cm -1 for the crosslinked chitosan (after crosslinking with CA at a weight ratio of 1:1 chitosan:CA combination). This is an indication that a crosslink has been formed from the reaction of added CA to the chitosan. The uncrosslinked chitosan (without CA) FTIR profile, in comparison, did not show any IR peak at 1700 cm -1 . We also did try to adjust the chitosan-CA weight ratio (2:1), but we did not see the peak for the ester linkage. This might due to the fact that the 2:1 chitosan-CA weight ratio had a significantly larger amount of the free polymer, to the point that it may have possibly masked the presence of the ester linkage. Because of this, we stick with the 1:1 weight ratio to make the crosslinked chitosan to be further characterized. 
Characterizing the crosslinked chitosan in terms of size and colloidal stability in water
The size of the chitosan citric acid-crosslinked particles at a 1:1 weight ratio (chitosan-CA) was analyzed using the Malvern Zetasizer Nano ZS90 following ISO 13321. The size is determined by first measuring the Brownian motion of the particles using the dynamic light scattering. As shown in Figure 2 , the size of the crosslinked particles (after crosslinking), 769 nm, is larger than the chitosan alone, 533 nm (before crosslinking). An important characteristic of polymeric particle dispersion is its colloidal stability. To check on the effect of crosslinking to the colloidal stability of the chitosan particles dispersed in water, zeta potential measurements of the chitosan before and after crosslinking were made. The zeta potential, or the electrokinetic potential, is the potential difference between the dispersive medium and the layer of fluid attached to the dispersive medium. It is also a measure of the magnitude of the electrostatic repulsion/attraction between particles. It illustrates the relative stability of nanoparticles when dispersed in water 43 . As shown in Figure  2 , the zeta potential value of the crosslinked particles (+35.9 mV) is significantly higher than the uncrosslinked chitosan (+12.7 mV) particles therefore suggesting better colloidal stability as an aqueous polymeric dispersion. At this point, what we have shown is that, crosslinked nanoparticles are larger than uncrosslinked polymers as shown by particle size measurements while zeta potential measurements revealed considerable colloidal stability of the crosslinked polymers.
Does encapsulation happen?
To investigate the capability of the formed citric acid-crosslinked chitosan nanoparticle to encapsulate an active, fluorescence spectroscopy was utilized to observe the intensity of 8-anilino-1-naphthalenesulfonate (ANS) as the fluorescent probe. The ANS dye is weakly fluorescent in an aqueous solution and provides a much stronger fluorescence emission when located in a hydrophobic environment [44] [45] . As expected, since the ANS dye is dissolved in the aqueous solution alone in the first sample, this resulted to a lower emission intensity in the fluorescence spectra ( Figure 3A) . As illustrated in Figure 3C , the ANS dye dissolved in the chitosan crosslinked with citric acid solution gave the highest fluorescence intensity out of the three samples. It is worth noting the fluorescence intensity of the ANS dye contained in the aqueous dispersion is almost comparable with the aqueous ANS dye dispersion. This highlights the effect of the crosslinking of the chitosan to affect the encapsulation of the fluosrescence ANS dye as a model active. The truncation in the spectra of the citric acidcrosslinked chitosan indicates the high intensity emitted by the ANS dye in the crosslinked product. This signifies that the ANS dye was successfully trapped inside the hydrophobic domain of the citric acid-crosslinked chitosan nanoparticles. The results of the fluorescence measurements thereby confirm the encapsulation capability of the crosslinked chitosan nanoparticles. 
Are the crosslinked particles capable of releasing actives?
As show in Figure 4 , from the presence of the distinct ester linkage, it can be said that the citric acid-crosslinked chitosan nanoparticles did not deteriorate in the extremely acidic buffer. An explanation for this could be because the nanoparticles themselves were already observed to be in a solution that was slightly acidic, which may be attributed to unreacted citric acid. Therefore, the nanoparticles retain their crosslink at acidic pH, which can imply their potential use as an oral drug delivery system, since an influx of protons will not degrade them in any way. Interestingly enough, there was an absence of an ester linkage in the sample at pH 7.4. This implies that the ester crosslink does not seem to hold. Perhaps this can be explained by the possibility that the optimal pH for ester crosslinking is below 7, ideally at around pH 2.6. This can also explain the integrity of the ester linkage at pH 1.4, since acid does not negatively affect its structure. Further, when examined under scanning electron microscope (SEM), the morphology of the crosslinked chitosan particles exposed at these two pH conditions significant differs. Figure 5 shows the SEM images of the nanoparticles after having been exposed to extremely acidic (at pH 1.4) and above neutral (pH 7.4). The sample at pH 1.4 has some spherical or oblongshaped structures scattered all around the imaged portion of the sample, which can be inferred as the crosslinked chitosan nanoparticles. On the other hand, the sample at pH 7.4 shows thick fiber-like structures with relatively smooth surfaces, presumed to be the chitosan fibers alone. It is important to note, however, that this sample had larger oblong structures as compared to the previous sample. In summary, the FTIR spectroscopic profiles of the crosslinked particles are different with at pH 7.4 showing the absence of the ester crosslinks. Further, SEM revealed different morphologies at these two pH conditions.
CONCLUSION
In conclusion, polymeric nanoparticles were synthesized using chitosan as the encapsulating matrix material and citric acid as the crosslinker. Fourier transform infrared (FTIR) spectroscopy and particle size analysis and zeta potential measurements confirmed successful crosslinking. Fluorescence spectroscopic methods established encapsulation of a model active, 8-anilino-1naphthalenesulfonic acid (ANS) by the crosslinked chitosan nanoparticles. pHdependence studies were also conducted and showed stability of the esterification crosslink in acidic (pH 1.4) media and degradation at relatively high pH (at 7.4) environments. Results from these measurements showed that chitosancrosslinked nanoparticles are promising encapsulating systems tested based on their efficient crosslinking capacity, appropriate particle size and colloidal dispersion stability, good encapsulation character, and decent stability in solution of varying pH environments.
